Tetrahymena pyriformis S has an enzyme system which splits pyruvic oxime. This permitted the use of hydroxylamine as non-enzymic acyl acceptor in assaying pyruvate oxidation enzymes in crude extracts. Removal of thioctic acid from crude preparations of tetrahyrnena pyruvic oxidase by alumina treatment resulted in decreased acyl group formation, but did not affect the rate of oxidation in the presence of ferricyanide. Purification of the oxidase removed both the oximesplitting system and the enzyme which is necessary for removal of thioctic acid from enzymes by the alumina procedure.
Removal of thioctic acid from crude preparations of a-keto acid oxidases of tetrahymena decreases acylation activity as measured by following the formation of acyl-Coenzyme A by the hydroxamic method (Seaman, 1952 (Seaman, , 1953 . It was also observed that the addition of thioctic acid restored activity. Since under the conditions employed, hydroxylamine may perhaps be a rather nonspecific indicator of acyl-Coenzyme A formation, it was desirable to extend the observations to assure that the observed effects are referable to the pyruvate sys tem.
METHODS
Enzyme preparation. Tetrahymena pyrifomnis S was grown as previously described (Seaman, 1953) . The carboys in which the organisms had grown for 72 hr. were placed in the cold room (4") and the organisms allowed to settle. overnight. The clear supernatant was siphoned off and the cells were concentrated by centrifugation at 850 g for 15 min. at 4' . After three washes in 0.01 M-phosphate buffer (pH 7.4) the concentrate was ground with twice its wet weight of quartz on an automatic grinder for 30 min. and extracted with 5 vol. of 0.01 M-phosphate buffer (pH 7.4) for an additional 30 min. The suspension was clarified by centrifugation at 5000 g for 15 min.
Preparations of pyruvic oxidase at three stages of purity were obtained by treating the turbid suspension according to the procedure of Jagannathan & Schweet (1952) for purification of the enzyme from pigeon breast muscle. Precipitation of the extract at pH 594 provided the crudest preparation examined (fraction 1). Later, freezing and thawing (fraction 2) and fractionation at pH 6.2 (fraction 3) provided purer preparations.
Assay procedures. The ferricyanide manometric assay (FCNM assay) was essentially as described by Jagannathan & Schweet (1952) . The incubation mixture contained, in a volume of 3*0ml., 100,umole sodium pyruvate, 30,umole NaHCO, , 20, umole MgC1, , 200, ug. neutralized (pH 6 .0) cocarboxylase, lO0,umole K,Fe(CN),, and enzyme. Activity is expressed as pmole of CO, evolved/hr./lo mg. protein. Manometric runs were at 32' under CO,. In this assay, analyses show a constant CO,/pyruvate ratio of 2-06-2023. The consistent difference between these values and the theoretical value of 3, indicates a non-oxidative side reaction of pyruvate, whose nature is yet uncertain.
The hydroxamic acid assay (HXMA assay) was carried out in mixtures containing, in 1.4 ml., 100,umole pyruvate, l0ymole MgCl,, l00,ug. neutralized cocarboxylase, 20 units of Coenzyme A (Co A), 200pmole tris(hydroxymethy1)-aminomethane (Tris) (pH 7.4)) lopmole cysteine, 0-10,umole diphosphopyridine nucleotide (DPN), 800 units of lactic dehydrogenase, 200,umole hydroxylamine, and tetrahymena enzymes. Use of high hydroxylamine concentrations assured measurement of the non-enzymic acyl transfer from Co A to the trapping agent (Chou & Lipmann, 1952) . Although added hydrogen carriers are not required when the crude fraction 1 is assayed (Seaman, 1953) , fractions 2 and 3 require the electron acceptor system; lactic dehydrogenase and DPN were thus routinely included. The assay was carried out under nitrogen, and activity is expressed as ymole hydroxamic acid formed/hr./ 10 mg. protein.
In the acetyl phosphate assay (ACP assay), the non-enzymic acyl acceptor was replaced by 10 units of transacetylase, and 1OOpmole phosphate buffer (pH 7.4) was used in place of Tris buffer. Added lactic dehydrogenase was also omitted from this assay since the bacterial extract used as the source of transacetylase contained sufficient lactic enzyme. Incubations were carried out under nitrogen for 60min. at 32'. Acetyl phosphate formation was measured at the completion of the run and activity is expressed as ,urnole acetyl phosphate formed/hr./lO mg. protein.
Analytical methods. Acetyl phosphate and hydroxamic acid were measured as described by Lipmann & Tuttle (1945a, b) . Protein content of enzymes was measured by ultraviolet absorption (Kalckar, 1947) . The thioctic acid content of enzymes was determined by the growth response of tetrahymena or by the manometric assay procedure of Gunsalus, D o h & Struglia (1952) .
Preparations. Lactic dehydrogenase was crystallized from pig heart (Meister, 1952) and was assayed according to Mehler, Kornberg, Grisolia & Ochoa (1948) . Transacetylase was supplied by a dialysed extract (Korkes, Stern, Gunsalus & Ochoa, 1950) of Streptococcus faecalis strain lOC1. The streptococci were grown in defined medium low in thioctic acid (Gunsalus et al. 1952) ; the method of Stadtman (1952) was used to assay the preparations. Sodium pyruvate was prepared by the method of Robertson (1942) . Cocarboxylase, DPN, and CoA were obtained commercially. Cultures of S. faecalis were kindly supplied by Dr I. C. Gunsalus, and thioctic acid was generously furnished by Dr E. L. R. Stokstad.
RESULTS AND DISCUSSION Table 1 shows that the tetrahymena oxidase at the degree of purity of fraction 1 readily oxidized pyruvate in the ferricyanide system and formed acetyl-Co A as indicated by both the hydroxylamine trapping assay and by the formation of acetyl phosphate. Since in the hydroxamic acid assay, the G. R. Seaman incubation mixture contained both a-keto acid and hydroxylamine, which rapidly react to form the oxime, it appears that contrary to the condition in mammalian tissues, the protozoan oxidase utilizes the oxime derivative as readily as it does the a-keto acid. But fraction 1, when repeatedly frozen and thawed to yield fraction 2, yielded preparations which had only slight activity --in the non-enzymic acyl acceptor assay system; activity of fraction 2 remained high in the ferricyanide and acetyl phosphate assays ( Table 1) . It thus appears that rather than being capable of utilizing oximes per se, the crude tetrahymena preparation (fraction 1) enzymically split the oxime, making both pyruvate and hydroxylamine available. The oxime-splitting system was in the material which was removed by the freezing and thawing procedure used in the preparation of fraction 2. Addition of material precipitated in this step to fraction 2, however, did not restore ability to react; the previously active protein was apparently denatured. Additional evidence of an oxime-splitting system in crude preparations was afforded by pyruvate analyses of incubation mixtures containing fraction 1.
Before addition of fraction 1 , the hydroxamic acid assay reaction mixture gave a negative test for pyruvate with phenylhydrazine ; all available pyruvate had combined with hydroxylamine. Ten minutes after the addition of the enzyme, traces of pyruvate were detected, and subsequent analyses during the entire 60min. incubation period continued to indicate traces of the a-keto acid. In mixtures containing samples of fraction 1 inactivated by heating at 65" for 20 min., no pyruvate was detected. Since only small amounts of the added pyruvate are measurable at any one time, the equilibrium of the reaction : pyruvic oxime + H,O +pyruvate + hydroxylamine, is well to the left. In the presence of active pyruvic oxidase the equilibrium may be shifted to the right Pyruvate oxidation by extracts of T . pyriformis as the a-keto acid is consumed and as hydroxylamine reacts with acyl groups. Oxime splitting must be slightly more rapid than pyruvate utilization since slight amounts of pyruvate were found throughout the incubation period. If the rate of the oxime system were slower, assays by the hydroxamic acid method would be lower than those obtained by the other procedures; Table 1 shows that this was not the case. According to theory, responses in the acetyl phosphate assay and in the hydroxamic acid assay should be equal, and about one-half that obtained in the ferricyanide assay. The observed lower response in the acetyl phosphate system resulted from competition between the Streptococcus faecalis extract and the tetrahymena enzyme for pyruvate. Although the streptococcal extract did not oxidize pyruvate via acetyl-Co A, significant amounts of acetylmethylcarbinol were formed from the a-keto acid.
With crude tetrahymena preparations one can therefore use hydroxylamine as the non-enzymic acceptor in the presence of a-keto acids. However, with purer preparations, in which the oxime-splitting system has been removed or destroyed (e.g. by repeated freezing and thawing), enzymic acceptor systems are needed in order to follow acyl-Co A formation.
Although alumina treatment (Seaman, 1953) of fractions 1 and 2 decreased the formation of acetyl-Co A, the treatment did not decrease the rate of pyruvate oxidation in the ferricyanide system. Assay of the fractions for thioctic acid demonstrated the actual decrease in concentration of co-factor after alumina treatment. The alumina procedure therefore, while not completely removing thioctic acid from the system, decreased the concentration of co-factor below enzyme saturation, Activity of the alumina-treated systems was readily restored by the addition of synthetic thioctic acid to incubation mixtures; 6-10 mpg. provided enough thioctic acid to reverse the alumina effect with fraction 1 (Fig. 1) . With fraction 2, the optimal amount of thioctic acid was 20-28 mpg.
The findings that thioctic acid is not involved in the oxidation of pyruvate in the presence of ferricyanide is in agreement with previous reports (Seaman, 1953; Reed & DeBusk, 1953) . The ferricyanide assay system gives an overall measure of the release of CO, involved in the oxidative decarboxylation of pyruvate (the decarboxylase and the initial oxidation of the two-carbon intermediate). 
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That ferricyanide is actually reduced in the assay mixture is indicated in Table 2 . In these experiments, the reactants of the standard ferricyanide assay mixture, with the exception of the ferricyanide, were added to cuvettes Complete incubation mixture contained in 1.0 ml.: 88pmole sodium pyruvate, lopmole NaHCO,, 6-5pmole MgCl,, 72pg. neutralized cocarboxylase, and enzyme. After incubation a t 24 & 1.5' for 5 min. the reaction was started by the addition of 0.5 pmole K,Fe(CN), .
Reduction was followed a t wavelength 410 mp. in the Beckman DU spectrophotometer. Pyruvate ozidation. by eztracts of T. pyriformis 305 and pre-incubated at room temperature (24 & 1.5') for 5 min. The reaction was then started by the addition of ferricyanide and the rate of reduction was followed in the Beckman DU spectrophotometer. As is the case with the pigeon enzyme system, the addition of Co A, DPN, or thioctic acid were without effect. In some experiments with Co A, cysteine was added to the reaction mixture to keep the coenzyme in the reduced form; this had no effect on the rate of reduction of ferricyanide. However, when the enzyme was omitted, there was, as expected, a rapid reduction of ferricyanide by the cysteine. It thus appeared that during the pre-incubation period of the assay, cysteine reacted with disulphide links in the enzyme protein and thus, as cystine, became unavailable to reduce ferricyanide. The reduced thiol groups of the protein would then maintain Co A in the reduced form, but could not reduce ferricyanide. This was verified by incubating heat-inactivated samples of fraction 2 (60° for 15 min.) with 0.0063~-cysteine for 5 m b . and then dialysing anaerobically against running nitrogen-saturated water for 48 hr.
The resulting protein solution replaced cysteine in both the arsenolytic reaction with Streptococcus faecalis extracts, and in the acetate-activating reaction with crude pigeon liver extracts, but did not reduce an aqueous solution of ferricyanide.
The thioctic acid independence of the initial stage of pyruvate oxidation as formulated above appears to preclude the formation of an addition product of thioctic acid and pyruvate as an early step in oxidative decarboxylation; such a compound has been proposed by Calvin (1953) . Table 1 also shows that while the alumina treatment removed thioctic acid from fractions 1 and 2, with fraction 3 the procedure did not affect the rate of pyruvate oxidation or the thioctic acid content of the enzyme. This indicated that some component of the system which was required for the alumina effect, and which was present in crude material, was removed in preparing fraction 3. This is probably analogous to the removal during the purification of pigeon liver enzymes of an enzyme which split thioctic acid from enzyme protein (Seaman, 1954) . The liberated thioctic acid was then adsorbed and removed by the alumina. However, unlike pigeon extracts, addition of the two subfractions obtained during this step to the resultant fraction 3, either singly or together, failed to restore ability of the fraction to show an alumina effect.
